Some studies have shown significantly higher achievement scores for students taught by writing-to-learn techniques. Willey (1988 Willey ( /1989 reported significantly higher science achievement for tenth graders taught by writing-to learn activities than for students taught by traditional methods Sharp (1987) reported that expressive summary writing did help community college students learn biology better initially and retain information better than students who were not asked to write expressive summaries. Similarly, Dyer (1988 Dyer ( /1989 reported that fourth grade students exposed to writing-to-learn activities Performed better on both achievement tests and retention tests in science. Selfe, Peterson, and Nahrgang (1986) found that students exposed to writing-to-learn activities over a four year period experienced a significant decrease in apprehension about writing.
Vocational educators have been mandated to explore teaching techniques that reinforce critical thinking and learning skills. In light of this mandate, and since no Previous studies were found on the effects of writing-to-learn in vocational education subjects, a study was conducted to determine if writing-to-learn activities would be effective in learning and retaining information related to vocational education. A need also existed to examine the effects of writing-to-learn activities on students' attitudes toward writing. For the purposes of this study, writing-to-learn activities were defined as short, expressive writing assignments done to clarify the students' thoughts or to develop an idea. These activities were thiig drafts, and were not graded on form or content.
Purpose and Objectives
The primary purpose of this study was to compare the effects of writing-to-learn activities and traditional lecture-discussion activities in teaching a selected problem area of vocational agriculture. The specific objectives of the study were stated as research questions, as follows:
What was the effect of writing-to-learn activities, as compared to traditional learning activities on the achievement of high school vocational agriculture students in North Carolina?
What was the effect of writing-to-learn activities, as compared to traditional learning activities, on the retention of subject matter?
What was the effect of writing-to-learn activities on the attitudes of high school vocational agriculture students toward writing and learning?
Procedures
The population for this study consisted of ninth grade students enrolled in Introduction to Agriculture and Natural Resources in North Carolina. Introduction to Agriculture and Natural Resources classes were chosen for two reasons: (a) multiple sections of this course were taught in several schools and (b) the researcher was capable of teaching the course content. Because this study was conducted with intact groups, random assignment of students to treatments was not possible. A quasi-experimental design, a variation of the nonequivalent control group design described by Campbell and Stanley Fall 1993(1966) . was used for Objectives 1 and 2 of this study. The research design used for Objective 3 was the one-group pretest-posttest design (Design 2 in Campbell and Stanley).
The necessary sample size for each group was computed using a formul suggested by Hays (1973) . The required sample size was determined to be 104 students per group. The sample was drawn from North Carolina junior and senior high schools with four or more classes of the ninth grade course, Introduction to Agriculture and Natural Resources, within 100 miles of Greenville, North Carolina. Classes were randomly assigned to the treatments. A total of 102 students in seven classes served as the comparison group in the experiment. The experimental group consisted of 97 students in six classes. Absences during the time of the experiment and the unavailability of CAT scores (the covariate measure) reduced the sample size to 89 students in the experimental group and 88 students in the comparison group. However. this reduction in sample size resulted in only a slight change (from SO to .54) in effect size, or the ability to detect differences between the treatment groups.
An instrument was developed by the researcher to collect data related to the dependent variables of achievement and retention of information. Content validity of the instrument was established by a panel of experts consisting of university level agricultural education faculty and secondary vocational agriculture teachers. The instrument was pilot tested for clarity and reliability using students in two similar classes not participating in the study. The instrument was revised as a result of the pilot test and an item-analysis performed on the instrument. The K-R 20 coefficient of internal consistency for the instrument was .89. The Writing Apprehension Test (WAT). adapted by Selfe, Gorman, & Gorrnan (1986) . was used to measure student attitudes toward writing before and after the implementation of writing-to-learn strategies. The Writing Apprehension Test contained 26 items that were categorized into three subscales; (a) enjoyment of writing, (b) attitudes toward having writing evaluated, and (c) confidence in writing ability. Students were asked to respond to a series of statements about writing by indicating whether they strongly agreed, agreed, were uncertain, disagreed, or strongly disagreed with each statement on the Liiert-type scale. Based upon pre-treatment data from students in the experimental classes, reliability as measured by the internal consistency of the instrument was established (Cronbach's alpha = .79).
The writing-to-learn activities were designed by the researcher, based on the criteria cited in the literature. University writing instructors reviewed the writing-to-learn activities and found them appropriate for the purposes of this study.
A unit in groundwater resource protection was selected for this study. Instructional materials for the unit were developed as a result of a nationally funded project by the National Vocational Agricultural Teachers Association and the National FFA Foundation. Prior to the treatment, students in the writing-to-learn treatment groups were administered the Writing Apprehension Test (WAT). The student achievement test and the WAT instruments were administered immediately following instruction in the unit. The student retention test was administered three weeks after the achievement test. In order to control for possible preexisting group differences, California Achievement Test scores were collected to be used as a covariate measure in the study. To control for teacher effect, the principal researcher was the instructor for both the experimental and comparison groups. Achievement tests. retention tests, and writing apprehension tests were administered by the researcher and scored via an electronic scanner.
The experimental treatment included a series of short writing activities at various points throughout the class period to help students clarify what they knew or did not know about the subject, to help students understand what they had just done or been shown, and to help students realize how what they learned could be applied. At the beginning of the class, the teacher posed questions that required students to write what they thought about the topic. At some point, near the mid-point of the class, a similar writing activity would occur, allowing students to summarize their thoughts. At the end of the class, students were asked to write in their learning logs.
The traditional treatment included the same kinds of activities as the experimental treatment; however, instead of writing responses at various points throughout the class period, students responded orally in either class or small-group discussion. The researcher attempted to use the oral discussions for the same purposes as the writing opportunities served: to clarify what students knew or did not know about the subject, to help students understand what they have just done or been shown, and to help students realize how what they learned could be applied. It was especially important to the researcher that students in both the experimental and comparison groups focused on the same topics; the only difference was in how the groups responded to the topics.
Multivariate analysis of covariance (MANCOVA) was used to determine if significant differences existed at the .05 level of significance between the two groups for the dependent measures of achievement and retention. Univeriate tests were used as follow-up tests to determine the sources of significant difference. The data were also described using measures of central tendency, measures of variance, frequencies, and percentages. A Wilcoxon Sign Rank Test was used to compare students' scores on the Writing Apprehension Test from before they were exposed to the writing-to-learn treatment to their scores after the treatment.
Results
The results of the achievement test administered immediately following instruction in the unit on groundwater protection and the retention test administered three weeks following the achievement test for both treatment groups are presented in Table 1 . The students in the writing-to-learn treatment group had slightly higher California Achievement Test (CAT) scores (the covariate measure) than the students taught by the traditional methods, resulting in adjusted mean scores that more accurately reflected the ability of the students in the study. Scores on the achievement and retention tests are presented in Table 1 as the percentage of correct responses. Students taught by writing-tolearn activities appeared to have lower scores on the initial achievement test, but higher scores on the retention test administered three weeks later than did students taught by lecture and discussion methods.
Multivariate analysis of covariance on the data related to the achievement and retention tests showed the two teaching methods in this study were significantly different (Hostelling 's T = .039, F(2.173) = 3.38, p = .036). There was a significant difference at Fall 1993the .05 alpha level between the treatment groups when student achievement and retention of knowledge were considered simultaneously. To determine the source of the difference detected by the multivariate analysis of covariance, univariate analysis of covariance tests were performed on the dependent variables of achievement and retention. The follow-up analysis resulted in the following findings: There was no significant difference in student achievement between students taught by the writing-to-learn strategy and students taught by traditional methods, as measured by scores on the student achievement test [F(1,174) = 0.92. p = .34].
There was no significant difference in student retention of information between treatment groups, as measured by the student retention test administered three weeks following the student achievement test [F(1,174) = 1.26, p = .26].
Although there was no significant difference in retention scores between the two treatment groups, the students in the writing-to-learn group scored lower on the achievement test but higher on the retention test administered three weeks later than did students taught by traditional methods (Table 2 ). This reversal in performance by the groups led the researcher to examine achievement loss, a measure of retention of information, as a means of accounting for the overall difference between the groups detected by the MANCOVA.
Achievement loss was defined as the difference in a student's score on the achievement test and the retention test. Adjusted mean scores for the two treatment groups were used to examine achievement loss. An analysis of covariance showed that there was a significant difference in student retention in favor of students taught by writing-to-learn activities as measured by achievement loss (F(1.174) = 6.81, p<.05). The reversal in scores for both groups from the achievement test to the retention test accounted for the overall difference detected by the multivariate analysis.
To measure changes in attitudes, students in writing-to-learn groups were asked to complete the 26 item Writing Apprehension Test before the beginning of the treatment and again immediately following the unit of instruction. Students were asked to respond to a series of statements about writing. A Wilcoxon Sign Rank Test was used to compare pre-treatment with post-treatment attitudes of students in the experimental classes. There was no significant difference in the overall attitudes toward writing for students who were taught by writing-to-learn activities from the beginning to the end of the treatment period as measured by the Writing Apprehension Test (S = 151.5, p = .10). However, as shown in Table 3 , when responses to the 26 items on the instrument were grouped into three factors (confidence in writing ability, attitudes toward having writing evaluated, and level of enjoyment of writing), statistically significant differences were found in students' "confidence in writing ability" factor. The Wilcoxon Sign Rank statistic for difference in confidence in writing abilities as a result of writing-to-learn activities was significant (S = 200.5, p = .04). Students in the writing-to-learn groups demonstrated a significant positive change in confidence in their writing abilities after only one week of writing-to-learn activities.
Conclusions
Based upon the findings of this study the following conclusions were drawn. There is insufficient evidence to suggest that writing-to-learn activities are more or less effective than the traditional methods of teaching with regard to student achievement. However, students retain more of the information learned (lower achievement loss) with writing-tolearn techniques than with traditional teaching methods. In addition, exposure to writingto-learn activities appeared to improve vocational students' confidence in their ability to write.
Recommendations
With increased emphasis placed upon effective teaching at all educational levels, it is important that teaching methods used are shown to be effective in terms of commonly accepted measures of teaching effectiveness--student achievement, retention, and attitudes toward the method of teaching. Because agricultural education students taught by writingto-learn techniques retained more information, this finding would support the continued use of this teaching approach. The improvement in students' confidence in their writing ability further supports the continued use of writing-to-learn techniques.
This study also has implications for additional research involving writing-to-learn techniques. This study was conducted for a period of one week in each of the sample schools. Additional studies should be conducted to determine the effect of writing-to-learn Fall 1993strategies on achievement and retention over a longer period of time. Further research also should be conducted to examine the effectiveness of writing-to-learn techniques with students at different age levels. Perhaps, seniors, with more practical experience and a better understanding of course content, would be able to make more connections or liis in learning through writing-to-learn activities. Finally, future studies of writing-to-learn strategies should include a second retention test, perhaps six weeks following the end of the unit. Results of this study indicate that the contrast in the amount of knowledge retained by writing-to-learn groups as compared with that retained by comparison groups would be even more dramatic with the passing of more time.
